WHAT'S KNOWN ON THIS SUBJECT: High-fidelity simulation improves individual skills in neonatal resuscitation. Usually, training is performed in a simulation center. Little is known about the impact of in situ training on overall team performance.
ABBREVIATIONS

CEP-Continuous Educational Program CI-confidence interval ILCOR-International Liaison Committee on Resuscitation TPS-team performance score TS-technical score
Dr Rubio-Gurung conceptualized the study, was implicated in Evaluations 1 and 2, supervised the scenario analysis, and drafted the initial manuscript; Dr Putet conceptualized the study with Dr Rubio-Gurung, supervised the training, participated to Evaluations 1 and 2, supervised the scenario analysis, and revised the manuscript; Dr Touzet supervised the statistical analysis and critically reviewed the manuscript; Drs Gauthier-Moulinier, Jordan, Beissel, Labaune, and Blanc performed the training of maternity staff members and the scenario analyses; Mrs Amamra performed the initial statistical analysis; Mrs Balandras coordinated the interventions and the evaluations in the maternity units; Dr Rudigoz critically reviewed the manuscript; Dr Colin supervised the statistical methodology of the study; Dr Picaud supervised and critically reviewed the manuscript; and all authors approved the final manuscript as submitted. Accepted for publication May 27, 2014 Because 1% of newborns require resuscitation in the delivery room, highquality neonatal resuscitation should be possible in each maternity of a perinatal network. High-quality neonatal resuscitation can be defined according to the guidelines published by the International Liaison Committee on Resuscitation (ILCOR). 1 Maintaining the professional' s neonatal resuscitation skills is a real challenge in level 1 (without a neonatal unit) and level 2 (with an intermediary care neonatal unit) maternities because these professionals have little opportunity to practice neonatal resuscitation. Furthermore, the entire staff' s performance depends not only on the skills of individuals but also on their ability to face unexpected resuscitations with any member of the staff. To achieve and maintain high-quality neonatal resuscitation, in situ training offers a good opportunity for training staff in their own environment. 2 Since 2009, a Continuous Educational Program (CEP) based on high-fidelity (HF) simulation was introduced in our Perinatal Network AURORE (27 maternities: 45 000 annual births) to improve the staff competency in neonatal resuscitation. This CEP was an in situ group training focusing on the multidisciplinary staff (midwives, pediatricians, anesthetists, and nurses) working in the delivery room. A teaching session, performed for 12 professionals, included the theoretical knowledge of neonatal resuscitation, technical skills, and application of the ILCOR algorithm. The CEP had similar goals to those of the American Academy of Pediatrics' Helping Babies Breathe program. 3 The results of this CEP led us to believe that overall performance of the staff could be improved if staff members were trained in situ and over a short period because each member would acquire the same background and follow the same algorithm. Although several studies have shown that in situ simulation training improves the individual skills of professionals 4, 5 and the quality of care, [6] [7] [8] [9] [10] to our knowledge, there are no data regarding the impact of in situ training on global performance in neonatal resuscitation .
Therefore, we aimed to evaluate whether an in situ high-fidelity simulation-based group-training program would improve the efficacy of the overall staff performance in neonatal resuscitation.
METHODS
Study Design and Randomization
The study was designed as a multicenter randomized controlled trial.
Only Level 1 and Level 2 maternities of the AURORE Perinatal Network fulfilling the following criteria were eligible: .1000 annual births, previous participation in the CEP before June 2011, and a commitment to not participate in any other training program during the study period.
In the 12 maternities included in the study, a first evaluation (evaluation 1) was performed. Then the 12 maternities were stratified by the level of care and the number of annual births. The name of each maternity was hidden in a sealed opaque envelope and maternities were blindly selected by an individual not involved in the study to have their personnel trained (intervention group) or not trained (control group). After the intervention, a second evaluation of the 12 maternities was performed (Evaluation 2; Fig 1) .
Evaluation 1
In each maternity, a sample of 10 professionals (1 pediatrician and 9 midwives) were randomly selected from the list of the staff and then divided into 5 pairs by the unit manager according to their availability during the day of evaluation. Anonymity was ensured by wearing masks, gowns, and caps and focusing the cameras on their hands. Each pair of professionals had to perform 2 evaluation scenarios successively, acting as a leader (at the head of the manikin) or a helper (at the side of the manikin), and the pair changed positions in the second scenario. Before starting the scenarios, they were briefed on what the manikin could do and were allowed to manipulate it. The scenarios were specifically designed for evaluation 1, differed from those used in intervention, and were not followed by a debriefing. Scenario 1 consisted of neonatal resuscitation of an asphyxiated newborn with clear amniotic fluid, and scenario 2 consisted of neonatal resuscitation of an asphyxiated newborn with meconium-stained amniotic fluid.
The Sim New B (Laerdal Medical, Stavanger, Norway) simulator was programmed to react automatically, step by step, to the actions of the team, without any intervention from the instructors. When the team performed effectively and followed the algorithm, the manikin status improved step-bystep within 5 minutes (tone from "limp" to "movement," color from "cyanosis" to "pink," heart rate from 40 per minute to 130 per min, and respiratory rate from 0 per minute to 40 per min). Because there was no debriefing after the evaluation scenarios, we chose to avoid the "death" of the simulator, which was considered potentially traumatic to the professionals. Therefore, when the team performed ineffectively, the manikin status improved from one step to the next step after a predetermined time to allow full recovery only within eight minutes.
Intervention
The intervention consisted of a 4-hour in situ training session on the Sim New B high-fidelity simulator. The instructors traveled from the organizing center to the various maternities with the simulator and video equipment. Because most maternities had a single neonatal resuscitation room likely to be needed at any time, the delivery room' s environment was re-created in a nearby separate room. The instructors used the maternity' s own resuscitation equipment and radiant warmer. All the participants were dressed in gowns, masks, caps, and gloves.
Each session was dedicated to a group of 6 professionals from the local staff (midwives, pediatricians, anesthetists, or nurses). In each maternity, as many sessions as necessary were provided to train at least 80% of the staff within a period of 1 month.
The resuscitation algorithm, adapted from ILCOR 2010, 1 was first reviewed with the professionals. The simulation session had the following objectives: (1) perform appropriate manual ventilation and evaluate its efficacy; (2) apply the algorithm until 10 minutes after birth, either with clear or with meconium-stained amniotic fluid; and (3) improve teamwork.
The instructors used a panel of 9 manually driven training scenarios. Each training scenario had to be performed by 2 professionals. This allowed each professional to practice 2 or 3 training scenarios during the session and to train as a leader as well as a helper. Each training scenario lasted 2 to 10 minute and was followed by a 10-to 30-minute debriefing. The debriefing focused on technical skills (stimulation, bag and mask ventilation, thoracic compressions, and intubation), application of the algorithm (compliance with the guidelines and timing), and non-technical skills (specific roles of the leader and helper and communication between them). During the intervention, there was no discussion or debriefing of the 2 scenarios used in Evaluation 1.
Evaluation 2
This second evaluation was conducted 3 months after the intervention with exactly the same design as evaluation 1. A new sample of 10 randomly selected professionals was evaluated using the same 2 scenarios used in evaluation 1.
Scenario Analyses
The scenario analyses were performed at 3 months after the end of Evaluation 2. We assessed the technical and team performances as well as the resuscitation outcome. The 2 evaluation scenarios were automatically recorded on the Laerdal Debrief Viewer software that simultaneously saved the video of the scenario as recorded by a webcam, the actions performed by the professionals, and the vital signs of the manikin. A second video from a different angle was recorded using an HD camera.
Each scenario analysis comprised reviews of the Debrief Viewer (with its own video recording) and the HD camera video recordings by 2 neonatologists, separately. The neonatologists were blinded to the study group and to the time of evaluation. The order of the analyses was randomly selected by the Department of Methodology and Statistics (Random list, including random blocks of 12 videos).
The analysis was based on 2 score sheets filled out by reviewing neonatologists, heart rate recorded at 3 and 5 minutes, and the number of hazardous events.
A technical score (TS) sheet adapted from a published checklist 11 scenario 2, according to the medical situation and were scored 0 = no or 1 = yes. They were scored only if the ILCOR algorithm was correctly followed with an appropriate timing.
A team performance score (TPS) sheet was assessed using the Team Emergency Assessment Measure (TEAM), 12 with items from 1 to 11 scored as 0 to 4 points (maximum total score: 44 points). The 12th item, titled "Global Performance Appreciation," was separately assessed and scored as 1 to 10 points (max score: 10 points). The scoring sheets had been previously tested for feasibility with videos recorded in 2 maternities not involved in the study.
Immediately after their independent scenario analysis, the 2 neonatologists compared their TS and TPS. In case of a discrepancy for any item, they reviewed the videos together to determine the optimal score and validate the final sheet. Only these final sheets were used for statistical analysis. For TPS, the k assessment for interrater reliability was 0.62 (CI 95%: 0.57-0.67).
To evaluate the efficiency of neonatal resuscitation, the heart rate of the manikin at 3 and 5 minutes was recorded in the Laerdal Debrief Viewer. Heart rates .90 per minute at 3 minutes and .130 per minute at 5 minutes were considered a result of efficient neonatal resuscitation.
The occurrence of hazardous events was determined from the videos. In scenario 1, 4 hazardous events were defined: "the team did not realize that the baby was not correctly intubated," "intubation maneuver exceeding 60 seconds," "wrong evaluation of the heart rate inducing wrong decisions," and "traumatism or traumatic action." In scenario 2, 5 hazardous events were defined: the previously mentioned 4 events plus "ventilation before or without tracheal aspiration." The maximum number of possible hazardous events was calculated for each scenario as the number of hazardous events of the scenario 3 the number of scenarios analyzed.
Ethical Issues
The study was submitted to the Ethics Committee of Lyon that approved the study as a noninterventional study (Comité de Protection des Personnes Sud-Est IV Lyon, 2011/09/01). Individual consents to participate and to be filmed were obtained from all the professionals involved in the study. After the end of evaluation 2, the same training intervention was performed in the Control Group.
Statistical Analysis
TSs and TPSs were expressed as medians and ranges. The TSs were analyzed separately for each scenario because the items varied between scenario 1 and scenario 2, whereas the TPSs were jointly analyzed for the 2 scenarios. The median TSs and TPSs values of the intervention and control groups were compared using the nonparametric Mann-Whitney test.
Hazardous events and heart rates, considered as binary variables, were compared with Fisher' s exact test.
All statistical tests were 2-sided. P , .05 was considered statistically significant. All analyses were performed by using SPSS (Statistics 18.0; SPSS Inc, Chicago, IL).
RESULTS
Among the 19 level 1 and 2 maternities previously trained by the AURORE Network, 6 did not meet the eligibility criteria (4 because of ,1000 annual births and 2 because they started the CEP after June 2011) and 1 maternity was closed (Fig 1) . Therefore, 12 maternities were recruited, the study was presented to the staff of each maternity, and the consent obtained from the hospital' s managers. The characteristics of the intervention and control maternities and of the professionals involved are described in Table 1 .
Evaluation 1 was conducted between January 1,2012 andFebruary 9,2012 and included 116 (42%) professionals (midwives and pediatricians); 4 were missing in the control group because of absenteeism on the day of evaluation. Thus, 116 scenarios were recorded. The randomization was performed on the February 10, 2012. The intervention was performed in 6 maternities between March The achievement of heart rates .90 per minute at 3 minutes and .130 per minute at 5 minutes was significantly higher in the intervention group than in the control group (Table 2) ; furthermore, the number of hazardous events decreased by 38% in the intervention group but did not change in the control group (Table 3) .
DISCUSSION
Our study demonstrated significant improvements in the technical skills and teamwork of staff members in initial neonatal resuscitation in the delivery room after a single in situ highfidelity simulation training session.
The effectiveness of simulation in improving skills and teamwork in medicine is now well documented. 7,13-15 A randomized controlled study in the Netherlands demonstrated an improvement in team performance in obstetrical management after training in a simulation center. 16 In situ simulation allows a better identification of systems issues 8, 9 or safety threats 10, 17 and has been shown to improve the management of deteriorating patients. 18 In situ training is less developed than training in a simulation center probably because it is more difficult to organize particularly when
FIGURE 2
Boxplots of the technical score results with scenarios 1 and 2 in the control group (clear boxes, 6 maternities) and the intervention group (gray boxes, 6 maternities) before (evaluation 1) and 3 months after (evaluation 2) the in situ high-fidelity simulation training. *P = .01, **P = .004 (Mann-Whitney test).
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PEDIATRICS Volume 134, Number 3, September 2014maternities are far from the reference center; however, it may be highly relevant in improving medical staff performance. 10 In situ training and evaluation was feasible in our network because the simulator and all the equipment could be transported in a regular car; moreover, all the maternities were located ,200 km from the organizing center. We could not evaluate whether such a program including almost all the staff members and performed in a simulation center over a short period would have produced the same results.
Simulation is effective in enhancing the neonatal resuscitation performance of individuals 19, 20 and teamwork behavior, 21 and there is a correlation between technical and non-technical skills. 22 The evaluation of the specific impact of in situ training on improvement in teamwork needs to be assessed by prospective randomized trials. 23 The fact that the training period in each maternity lasted ,4 weeks in our study may have played an important role. 24 Indeed, the same algorithm and messages were experienced by the whole staff over a short period, giving them confidence in their colleagues' competence and helping them to follow the guidelines. In the present trial, we observed a highly significant improvement in teamwork although our training was not focused on Crew Resource Management. 25 Our study has certain limitations. There may have been a selection bias for the professionals. A sample of 10 professionals to evaluate a staff may seem too small, but this number represents ∼40% of the professionals ( Table 1 ). The experience of working in the delivery room of the professionals selected in evaluation 1 was slightly higher in the intervention group (Table 1) ; however the scores of the 2 groups were similar (Figs 2 and 3) . At the time of Evaluation 2, the selected professionals in the 2 groups did not differ in terms of number of working years in the delivery room or previous exposure to the CEP. The use of the simulator for evaluation 1 could have introduced a bias because it could have given some training to the professionals before evaluation 2, although evaluation 1 was not followed by a debriefing. However, we observed no differences between evaluation 1 and evaluation 2 in the control group. Another limitation is that the evaluation of neonatal resuscitation performance by using videos may have been limited by the observers'subjectivity. 26, 27 To reduce this effect, we chose to have the video recordings viewed and evaluated separately by 2 neonatologists. Because our aim was to evaluate the short-term effects of the intervention, the mean delay between the intervention and the evaluation was 3 months. In fact, several studies have reported that the improvement in individual technical skills is no longer significant at 6 months after an intervention. 28 Our study evaluated the efficiency of resuscitation performed on a manikin; however, the impact in real-life neonatal resuscitation remains unknown. In other words, the study reached the third level of Kirkpatrick' s model to evaluate training programs. 29 Additional studies are needed to evaluate whether this beneficial effect is long lasting and whether the
FIGURE 3
Boxplots of the team performance score results with scenarios 1 and 2 in the control group (clear boxes, 6 maternities) and in the intervention group (gray boxes, 6 maternities) before (evaluation 1) and 3 months after (evaluation 2) the in situ simulation training. *P , .001 (Mann-Whitney test). 
